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in the ordinary way of reversible reactions, yet a state of
dynamic equilibrium may be attained between a parent element
and one or more of its decomposition products. This occurs
through the change of the product, not back into the original,
but into new products at the same rate that it is being produced
from the parent. Thus the parent element, which is producing
its decay product at the same rate that the latter is undergoing
further change, has attained a state of dynamic equilibrium in
which a constant ratio between the quantities of the two elements
involved is maintained. Such radioactive equilibrium may apply
to a whole family or to any part of a family, beginning with a
parent element of longer life than its products. For example,
uranium in nature, after the lapse of geological ages, is found to
be in equilibrium with all the members in its family. Radium
attains equilibrium with its next succeeding decay products in
about one month, while radium emanation reaches equilibrium
with its immediate products in four hours.
From the physical-chemical standpoint these equilibria rep-
resent nothing different from what one should expect from a se-
ries of successive irreversible mono-molecular reactions. By
the superposition of equations of the first order RutherfordX1 has
dealt with the equilibria, which on the whole must be regarded
as the most complete series of successive reactions known to
physical chemistry. They may appear intricate on account of
their number, but otherwise they are wonderfully simple and free
from complications such as would arise in the treatment of ordi-
nary chemical reactions.
From the radioactive standpoint the dynamic equilibria are
of great importance from the following considerations: When
two or more radioactive elements are in equilibrium, the number
of atoms of each element being formed and decaying per unit
of time is the same. Throughout a whole system of elements in
radioactive equilibrium, the number of atoms of each element
changing per unit time is identical and is also measured by the
number of a particles being emitted per unit of time by any
member of the system. This means of course that equilibrium
quantities of all elements in the same radioactive family emit
the same number of a particles per second. For example, if one
gram of radium emits 3.72xl010 a particles per second, that
11 Rutherford, "Radioactive Substances and Their Radiations," Chapter 11.